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FLAME PROPOGATION IN A GAS ENGINE CYLINDER. . 
The time of combustion of an explosive mixture in a gas meg ine 


..oylinder is a fieid in which very iitvie practicai work has ossn 


dovee The "time of Comousvion", of what is commoniy known as | 


fiame propogation, is that time which elapses betwaen ignition and 


naximum pressures lt is a weii known fact thas the ighitim of a 


charge iA the gas elgins Ee ae "dead center" is 
reached so that the naxinun pressure 48. @xaried at this pointe 
The ignition musi be made. vsariier. with referynuce io the crauk. 
posivioyn joy anu increase in spesd ana the usuei mevhod oy which 
the proper point of ighition is dsesimined.is oy Woanhs.ol the 


.indicatore The typs of card thas usually gives the vest Tesuits 


is weld known and the ignition. is sniited uatil the desired cara 

, z % 4 
can be ootained. If tue time of cemoustion of tne charge was khowa 
the poiny of ignition could be determiagd Without the aia of 


au. ihdicatore « 
Tae results that ave Guosed in text vookS of gas sayihes 


axa dzawn chiefly fzonm tWo SOUDCOS, Ranely: expeLrimsars oy 
Mo (Me MSijard aad Le Chaielios, also uevesminarions maue by 


Mee Dugaid Clarke ‘The data gived oy vhe above experimenters on 


the time of compustion were obvained with conditions difiering 
J fsen those acyuaisy existing.in tae cylindsre MeMeNaisard and 
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Le Chatelisr made their firsy sxpeximearvs aioag this ling ca 
dispreya the zresuits obtained by Bunsen. buasen pad found by 


experiment that two volumes of hyarogan ana vue of OXVgel burnt 


ata rate of LlieS feet per second. He aiso found thar the vesveis: 


a 


of the fiame in carooa monoxide was 528 [ssi per syconds Mehariaz 
and Le Chateller with the same mixtures and. condijions with .waica 


Buaseh mado his experiments, devstyined that tho velocity of Coe 
bustvion.ia hyaroges and oxygsa was 65-6. fest per second waile in 


the. case of cazbon monoxide the velocity was 7.2 feerv pex second . 
Tae xresuivs obtained oy these ern oueemcu coed they are very 


“inveresting are Somewhat aiifacuat ca appay.ain.the preseat fcxn 
to the gas enging.~ 
The results. obtained by Nr. Dugaid Clerk are given.ia a 
a 
ptacticai form 60 that 1% 15. easy ane im deverminiag che 


“proper point of ignition in a gas.engine Wi thous compressions ‘he 
apparatus he used to obtain 143 TesuitsS coNsissed of a cast. ish 
cylinder seven inches.in diameter ahd eight aua ohe quarter inch 
peal cna ernie cyiindey was fisiead wivth: the expacsive mixture 
which was .ighatad by means of an ciscrric eeaciny The pryssurg 
.in the cylinder was secordsd by the pencil vi an. indicatoy on 
a paper iaseened toe rowrrving GTum that Was aGriavaon oy ologke \ 


wozk so.as to make one revolution in 3 seconds.. Tae disvance 


pe~weehk igNition aha maximum pressure was vick weasurea zg 


Sex 


’ 


cazd from whica.tne time of cooustion is caslay compurede. 

iors | 4 ra Ps neiraitre bleeds hee as : Ee i oa Pe 
Dugaid Cierk nace NehyY tosr wows ehis apparatus alu od%talinga Sune 
Very Valuable data: Ga the vibe of comous tion, yer tae. conaltions 


UnGe? Which the seses Were Made do doy ComforMm With those of we 


gas engings. id opexavioN.e Ali the vests were made with we Lixture 
ae avmosphetic pressure( i407 pounds psx square inch) oviory . 


ignivicire « Mire Dugaid GLOYK Staves thay née found ¢hav a mixture of 
i to ii WAS the MOS’. scoduMica. in a gas. engines From his detsre 


minations of flame PSQpogae sion yws find that the tans of Combustion 


for tais mixvure was. el8 seconds. «Ls us takes these results and 
808 if we cai apply them vo a gas ehgine in opszavioNe ASSUMB tus 


sar : 7 
spsed to be 240 sevoluvion per minute or 1440 degrees swept out oy ; 

~ : 
the crank in cons second.If now we waay the maximum pressure vo; 
ocouss av "dead Coker"). the ignition of the cnuargs,according tolthen 
: a 
above Gata, shouid bs ei8x 1440 of. 269.2 degrsss osferg"dead coatars 


This, of cours9, is naver:found in practiics and shows thar che 


devserminations can fot 08 appiied iu their pressnt furm to a gas 


engine with compression. [It woud be poSsidic to ,coliprgss tho 


-expioSive charge la @ cylandsr simiiar vo vhas used by NzeDugaid 


Cierk but oven in wnat case the Comdivions vwougd Uililer siightsy 


{vom that found 1a che gas eAgine siace. ih ehse sar Tile COBprgo— 


Sion varies aftiar the charge is. iguited.« 


oo wae ty a = 
; Ge 


The sxpariments of the adove meutioged wan and Many, ofhexrs 


(hat worked along this lias have ali deen careisd oy with spacieds 
Ep paraceer The advaniage that they gained by this was vhe sasa 
of observation aha the elimiuavion cf aii points that migat 
prevent them from obialning consisvene moauicce The results 
‘obtained by these wen iack the practvicai features of those sagan 
od ixsom a gas ongiiis. ia opoxgion. ‘The bO3% Mevhod to idererming | 
the tine of fiame propogation. tnat will De appiLicavie to the actual 
Rene ine isto male the cbservyaeticas from the. sagine aircon von 
there can ve No question of assuming ideal conditious thatde voy 
pexisy ia tae cylinder. < The. farst thing we decided in connes- 
tion with this test was. to;make ail our observations reiative io, 
she time of comoustion on the gas erence 

.The next question thar AR OOMECD whawt method should be cupioye 
.ed to obtain. tia time vetween the Spark and maximum pressurg? 


. 


The apparatus. smoloysd py Mrs -Dugeid Cierk could be easiiy oe 


appiiede. A second method aithouga simiiar «6 Cierk'S appa.sacus 
in principale yet difieses somewhat in eae feayurg could be 

ads roneiee,, wo Seine a faizriy soilabdie pacoral This apparyus 
would Gonsist oft .indrcatofc: suniug-fork with Stzius or pencil; 


Motors two ,drumSe. A ions strip of paper coujd De iasiouca we vas 


A A En 


‘of the, drumS,wrapped around the secoad so that when the wotos. 
gotavad tha first arum wis papss Would wind Upod tLo Sale: 


The tuhiag-fork could be so arrauged WK as SO NAVE vRO polcdii 


fastongdivo the same directiy OVE pSucai of the. inaicavor.s The 


.indicator would zecord the diffscenat pressures oh the MoVanes paper 
cio 


While the tuming-fork would tzace a curve isem which vhe: tane 


Couid 66 Compurede The puint of ignivion and waxinuw pressure 
could b¢ saSiiy detexuined from ths cara taken and the tine 


DSLWEEN ThE Vo calcudavsde This SBaens has ths advaivags over. 


that used by MreDugaid Cierk in Lflexivilaty of POE SO rae ec) 


Slimination of any eegor due. vo she Lfractaon of the penoii, of tiie 


.indicacor;. Tuese twwoipians. aivhough. they would undountedly 
give the results sought sack ootu in Urlginarivy and scope. <A 


—_~ 


method suggss~ved wy oe persian fo. vakKlag pnotogrvaphs of 
the explosion Rot only promised to give accurare Tosuits bur 
also:.a physical concoption of what.is taking psrace inside of 
the cylinder Guring Bonuetion seine priNcipie UDO WhHIGh tis 
netnod works i8 very Slupies a phoyographic piate 18 aiiowsd to. 
fall.in front of an opening in vhe gas engine cylinder ada 
conyinuoUs pictures 18 taken. of the BERNE The paave iizrst 
get~s che. impression of the Spark; the Combpuscion of whe wixvure 
then starts and the various stages of the same 
falling piavee. The place is thel Gevelepoa ana the adiierent 


BOs ee 


portions of the plate are siiected according to whe Ltgur 
cylinder when that poryion of tn® piato WAS GxLusede ltis ee 


is recurdea of the 


Bei 


well kagy fact thax oud. cuMioOsitY. Gi &@ burnings max surg wait be 
greatest whan whe tepsratvurs and the PTSSSuUTS 15 CAS Evreatusits sO h 
wha W@ CaN Say che tite of CoMmousiicn 1S hav time Luar. Grapsas 
baevween lghavson and max imu COlpSexravulrs vaveslore waximum Lighe> 
The noidser for tie plaie was. designea by Prouene poviiau® 


The ongine on which the observations wers taken was a Fairoank 


: 
Moxse Statichazy gas euginee This exgics was iocatred in the Gas 
| 
| 
| 


Engine Laboratory of the Armour Instivute of Pechnclogy of Uhacagoe 
A shorty discription of this.engine wivh tae reasons and functions 
of the various pasts.is esssticial. Tis eagiae used was a ucrizonrval 


svationary four-cycie ysugine size 6 3/4" x 12", trated 7 horse 


power av 240 ReReMe A four cycls engive has only ous 6Gxplosion of, 


impulse. in two revolutionse. The evenis.in this type of eagine are: 


first, expcvuSioQ driving the pistoa forward; secoad, erxnausy vue 


jects 


pistca.expelis the burnt gases on tne backward Serokes taizd, tse 


iow charge is drawa in DY suction when tho pistou again moves Tore 


ward; fourth, compression of charge of return stroke.: The mavacd 


of igniting ths charge. is by what is kuown as the "mako and break. . 


‘In brief this consSists.of two; terminals ia coatact inside ths 
cylinder of the sngine. One of ths verminais is conaectsd +o a 
spring shown.ia the view of the cylinder head..Tane method of oepsra- 


tion! is as foilows: A pind susaS &@ SiGEVE, which.is fasivensd to whe | 


spring, and thei reiesasss ite The Spring haS, i the Deaiesie, 


* 


Teo: 


: 
) besn. in yension pRSSelhes wes BoasiuasS coszeriau®e Of OBA, Le.vcasied 
vs Py 
} 


the terminalS and aS soon as they ars Drought apace @ spark. iogaps 


whe gap and ignites the chargse. Theres are two itisi Vaives 


O4l Ui LS 
engine, one oving ea ex on pope GEher veins ree py 


the sang lever as the. exhaust Vaive aad is Kept closed while ine 
@XNhAaUsSe Valve Weonenene the reasoR fox this .cai readiiy o6 seen 
When the type of governor. 18 digezioed. The ZOVELROT. COaSIStS: OF 
two weigats neid togestner by oravecine opezation of wae Zoveraoy 


.is.as ftdéllows: Tne speed incrgases aud the governor weiguts f:y 


outWard due to Genviifugal forcé. The outward movement of the weig 


causes & Sigeve to silde aiong the Shalev. A LoNg pin Which ss fasi- 


ened <o the sl»eve is pushed. in front of the. exhaust vaive stem 

preventing the ciosing. of that valvee. The exhaust vaive veiling 

heid oped omliy the ournt gases wre drawh into vhe cylinder ok che 
F | 

Mext SUCTION stroke so to work. 1s dole LA the Aext two Fevosusious 


and thersfiozs the sagiNe Siows Upe Feom tais 1% can oe seen hew 


hecessary.it 18 wo have vhe akiev Vaive mecianicaity cporgvad so: 


that.it may pe heid chosed during the tine the exhaust valve is 


‘open otherwise the fuel drawn in wouid be wasisa. Ths waiter jackst 
= 


‘Was Suppiied fyomthe city main aud therefore no waiter pump was 


RECOSSALTY « The ehagine Was ficted with 2 Maxee and oy turcaing 
the hadais of the sane We wery adie to vary sns preportion ot 
gas and aifve The. sngine nad wo Liy waesis,g purleye riudica tor. 
cock, and Yoaucing metion Lo. waking cardse. 

Two gas weters were used in this coe shone fox iltiuminecineg Bas }, 
whe other for Natural gase The same cak bo said regarding the 
pressure regulators fore DGing used for lsiuminarcinug gas) chy OVE , 
for natural gase. When.we ran che engine on nayural gas we nad 
to wake whis gas cechrough ths itlumanacing gas pressures Yoguiarcor, 
ance aiter the. engine had oven 1 operation sole tind, Change over, 
wo the Natural gas prsssure Peer Grenie Hawai gas pressure 
gegulator was mads oy whe Wesvanguouse Ges and eelivercs whe gas 


a% atmospheric pressureei The i:iuminaving gas pressure reguiartor. 
‘ 


was of the tyiescoping inveryed water sealed tank types A. Lover: ; 


ef a vaive in ths gas pipe was iasvened to thse top of the pesssure 


Tegulatofz so thas when the tank oecame iiiied with gas whe upward 
MOVEMENS of Lhe inasr wank would threttiis the gas supply and 


ultimately shut off the gas.« This gas regulator was used.in svarye 


/ 


.ing the engine No matter what gas .was used as.it afforded uw ryse 


% 
.ervolz.foxr a. iarge quantity of gas udder pressure so that ine 


.e@hgine did not have to:co any work on taking.in gas oa the 


SUCTION StTOKee « 


! De. 


The water from tne cooking jacket isoved stato a cargo steel 


tank ouy as no account was sept of the waver used during tne tesr 
this piece of appartavus. ved Hot bs Giscriogd. . After a number of 
Pee ce reldiinacy ruas nad besa made, an air meter was cone cee 
ed to the air side of the ialet mixing vaive .. The air metisr was 
made by Harris Gritrun Coe. and is showh vo;tne fight in figure Qe. 
Oh Starqihg tae sugine it Was Necessacy vo ,UNCOUpLs Thad GCoumsce.on 
to the air meter :as it Was impossiolgs for wae engine to draw 
suliiclenay Quanity of @irf through. tne Meter for 2% to Svaxry upone ¢ 
Aftex.tne engine nad péeli ruaning. for about two minutes we couid 
cohhsect the meter to ,tne air inicte and had ao ¢rouoie .1a Grawing 
the aif tnrough the aman Tas Baturtal gas meter was made oy the 
Westinghouse Cos whils whe meter used for iliuminating gas was 
Manufactured by John Je Griiiin Coe. 


The "pDiatse drop" was ths name we gave tc the Vervical piace 


° 


holder which was iastensed to the .enging.e ine veasoad for tais 
Mane was to distinguish.iv from the piare heiders whic:: we ade 
ny 


ict hoiding the pilates bsiose they were. sxposed..< Tas"piats drop", 


Shown in figures 7 and 8, was, as has poen siaseod oeforge, Aesigued 
by Profi. ‘Re Burnham. I% consisted of iong beass strips titésd 


together so as co:iewve a slot 1/16 by 1.1/8 inches for the plate. 


The. entire apparatus was light proof having caps for each onde « 


4 
a 


: 7 - a 
ain " ate © ola) 4 » 
‘thas Was put.inze this"p 
7 - . 


ite ’ - 
LATS arcp' 4] 


ow 


Xtonded 1S Waag 
BA boiasd ENLOUZA cis Vicks Dione 


WRS LasStehea oa tseves 42M Which Was vid an the 
; : We a vas 


ie Les ent position TQ Loch? anirs' tri sala renin Tp 
Ee ser : by we toil Spivad Ssovinga (L$Ne s OVER a&LTh was 


pivited as is Bhownh in Ligure Te A S&L’ piece of izon hinged ai 


the side. of the siectroemaguet nad an arm thnat.sxtended to eng 
aVere The. GisCt@TG—Magn.ts consisted of two voris\-one ConAGEYi 

Becta ey ei aicae sf ise ne a : ; - 

being made at a binding post the other on the "pasate. drop". ¢ 


When @ current was aiiowed to fiow thiough the coii vhe magueric 


attraction caused the ito sirip to moves sawasd the Megnerse The 


movement: of the irgn strip caused the :ever. arm to moves and 
BP itis en ye ees See rim Pr cette he | chee ey tas oy cet ee eee . 
this,of courss, puiied the pin.irom unuscy the plave and aliowed vb 


: 7 
same vo iali. A litviis over an inch beiow the pia was aa opening 


iCh Was Circular ald something over a had 


in diameters It was tarough this cpeaing that the sight 
to.eifect the plave had to passe: In freat of the cpoenin 


ee ee ee ae nets a — 
in the "plate drop" was @ siide to preveat the. light from cheet- 


_ing the asolder when the same was disconnscied. item the anginee.: | 


.The"plate, cop” was fastsuedto the tube shoywn.in figure 9. (This 


Was wnrsaded euc fivved am 4 tap mede in the oyiin 
en ine vhiie the other sad of the tune was lastcnedto : 7 
SNGihe whise ths Oyher ve OL Che & Was yt Ae o 

jhich tae lense was mounved. Tie lense was Geid isrm bY 


a 


g6d it @g2i1nts 10S Stay oh vie 4 
ey 


tus Weounting the reuse 
SINHA Pe + AT ESPLEEM TEE E VEN vat aster Hint linc eee hts Wee z sd : 
SUppekey’ tO Which HAs plays Gi cp COULG-pes lasg@sned 
iy aii) leslie wencr lilisn vey ay es, Ton pets Sere ficnies £U Bi : i : 

tS CWO S6L6WSe. TNE piavs Axyp" as Ubigiueisy desagused 


Suppoged to pe loaded in the dark - sogu the Sliae was then 
ars. 


edjund ens vWO CapS were placea in positions. Tha"piai. drup” 


nen fastened to wh» tube, Menticnhed sviore, aftur which vhe 
_ 


Was opeRed. WS tried this mevhod obs day put concluded that 


< 


Panes PHC ay mens ad 14 sanding bane nied ete WN ON en bs ee : 
MUGR.ZIMS WAS WeSv_sd.in Loading piaves and thsrefore, calcided 
sa 3 : ahee 


make piavs hol Gorse. The piaveeroiders fad to be as simpia ag 


pie, of large capacity, and veisabie..It was some time,thsre- 


befors We dicidsd Upc t~ho Gesigu IvGM Which We atv Last 
_—_—_—_—— 


Lovee ; 
rs Le the piar pehok a 228 ® The pi 3 avo-in of ,Gexrs Ss WUPG. 12. pLincipss as 
- 
Boxes with siots for ths piates, a light wvight vompa dt § 
DOX 6: ; 

the "place drop” «iso oue at the botvtiome dic made 


Jon Slots and oue with eioven. Tae 


s-holders two with thirty 


idars werg made of wood nailigd ana g.uec so as vo wake Chew 


strong anda vere aise given a tumbset of coats of biack sShesac 
eG 208 ot 


to insure ten being.iight tighte: These piacveehoiders 


Ww 
Pe 


* 


6 eleven inches iong as wo sa@ended ai fits 40 use plaves ohe 


ona : a 
Sek Sia. cushion was piaced av the oottom of each 


py 3 day Wenieatoes his aes Cnemleun itteat es Pie eei 
the psrates VWouiG uo. obeadk af the ooxX Was HaGd. 6G 


figure 3 with tho piace no.sdels, wor 


_ Se OO 


a 


tal 7 


nade, of cardboard SGVeSewOaG With papss, S2uGsu wu Sutisacyuu 


. 


eh enane Sefohe Wey e F esey yy; = AN ain aie , po Pa hey , 2 - 
theoughout. The. frame-york Loe eho Uppes ALgne Lege csollparre 


ment IS Suown in figures 4 and 6b... tne piavs-hoidsez in posacion 


.is shown in figure 5.. The cap, it will b® noticed, is xomoved 


So that the plaves 1 whe. inverted piate-holdez rest upon. the 


wabie of the frame-wortk. Ths puavienoider can by pushea along 
bev~weeh the wo wooded guilass taat astermins vne wravel of the 


holdere Ia figuze 4, whica is che tup view of the upper itane- 


gual we can see &@ Siot whic: lewds direcviy so the piate siot ih 


the “plate drop", and oe can. easiay See that whem the piaie-noia- 
eris puSnéed over this siot Timelines piates wili faii out of the 
‘holder ana through thse siote. Tie parson. in charge of the piate 
drspping could. easiiy te:i when 4 piate nad farien fiom the 
hoider iato the "plats-edrop" by ie¢.ihg the Siight jar that was 
caused when the plate Ssvtzuck the pine Tho tower 1ight tight 
coMparyment was nade so as to support & piavs holder, the 
original plan being to piace ah .empty hotter aS 48 Shown ah 


fisure 6 to catch the piaves as they came through the"piaia usup"s 
When we started making the runs ws found i% necessary vo wa Tk 
che plates so one wan had to have his hana in the compssymens 
BU 46 WAS. GASLSY LO piaos tHE pra@tes inwo a card=boara box alter. 


they haa bven. lagied. . The paowvos taken Snow the iztame wosk 


SS eee 


thoy AYO SuowNn as they wees 


used in yet) tests. ~The covering Coasisted of GALSe Lnicksuesses: of 


siack clot! The UpDDS@e GComparinene cad twa on eA ; 
biack I a Upp. Compal MenE waa ND SE OBe LaATouga 


which to pus tas platejhoider, tas secoad thL@Gugha Which a pscra@on 


ce 


couid get their hand 60 45 to remove tae cover from the hosaere. 
The bottom stand had ohiy oe cpsning and a person couid gst 


ons hand in so,as to caich the faiiing piaves, mark them, and piac 


‘them. in cardepoara poxes. This schemes of piaveeholdars worked Vex 


Well and caused but Verty Littie wrGudise. 


‘The. entire success or faiiuve.in timing the fasiing piate soja. 


Ro jhave the same in front of the opening in the "place drop" during 


combustion depends upcu the conuact covasee. Thy convace , shown | 
in figure 1, was of the. sngine osiors we Staryed thea e~est so wu 


thought.it best to,give it & trials. The igniter aim a moved Ligne 


and left with an osciiating motion. The piace F was tusulavesd itou 


She engines. The threaded porgion G passed throug & tap in C. B 
slipped over whe piain surface of G when pressed upon by Bs és 


gspring.in B. kept thig pars.in its sxvrene position..« Thers was ais 


& Slot.in B through which... pin fastened <o ,G exieadea nus ply 
7 = 
g B irom faiiing olf. The binding post D was connected by a 


Storage oavvorye. Thise 


co the binding pos. of she 


a 


batteries were used. 10 Series giviny aocut 
erminai cf the ssties of buttersvs Was 


Bas a a) oe a _ 


2 Lae © 
ean 


to thé bindiag ost of tinea pee een Fvon ¢he 
@iscriptich of tae contact dovigs Iv cau bs toadliy BS Seon thar 
wheh the nut E comes into. cantact With ween B a<r% whe circuits 
wouitd be closed wWhicn wouid cause the catch ‘to pull ous the pin 


, 7 . 


and ailow the jats to fait. Ths threaded portion on G was ito 
A I 


allow a greater sange of adjustments for timing the plavs..Im the, 
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